The International Classification of Functioning, Disability and Health framework describes human functioning through body structure and function, activity and participation in the context of a person's social and physical environment. This work tested the temporal relationships of these components. Our hypotheses were: 1) there would be associations among physical impairment, activity limitations and participation restrictions within time; 2) prior status of a 
"Participation restrictions are problems an individual may experience in involvement in life situations" (World Health Organization, 2001, Page 14) . Personal or environmental contextual factors may facilitate or hinder performance across ICF components. Despite defining activity limitations and participation restrictions separately and diagrammatically showing these components separately (World Health Organization, 2001 , Page 18), coding of items within the ICF combines activity and participation (World Health Organization, 2001 ) leading to conceptual confusion and debate. A number of authors argue that activity and participation are distinct and should not be combined (Badley, 2008; A. M. Jette et al., 2003; Nordenfelt, 2003; Schuntermann, 2005; Simeonsson et al., 2003) and still others have demonstrated that activity and participation are two distinct constructs (A. M. Jette et al., 2007; Pollard et al., 2010) . In this study, we also considered activity limitations and participations restrictions as separate components not only because we too would argue that they are distinct but because, as we describe below, out clinical knowledge of the recovery of people with hip or knee replacement (TJR) who represent our study sample supports activity limitation and participation restrictions as separate components.
Despite the adoption of the ICF framework, there has been little testing of the relationships among the components. Some authors have evaluated the component relationships using cross-sectional data. Rusch et al. found that impairments of body function and activity limitations were associated with restrictions in social role participation in a cross-sectional study of people with HIV/AIDs (Rusch et al., 2004) . Slim et al. found that impairments of the hand and feet were associated with activity limitations, and that impairment of the hands was associated with participation restrictions in people with leprosy (Slim et al., 2010) . In the context of arthritis, others also have identified relationships among impairment, activity limitation and participation restriction (Dagfinrud et al., 2005; Dekker et al., 2010; Pollard et al., 2010) . Still others have evaluated predictors of participation restrictions and found a mediated model of physical symptoms (impairments), activity limitations and depression (impairment) in people with arthritis (Machado et al., 2008) . Additionally, in people with distal radius fracture, although impairments, activity limitations and participation restrictions were associated with health status, activity limitations were the dominant predictor of health status (J. E. Harris et al., 2005) . While these data provide some insight into the relationships of the ICF components, there is still a need to understand the component relationships over time and in the context of intervention and recovery.
The application of the ICF framework has not considered time and many cross-sectional studies include participants at different times in the disease course or time of recovery. There is an urgent need to demonstrate whether the cross-sectional relationships among components changes over time during recovery and to understand the longitudinal relationships of the components. Testing this assumption of lack of variability of the component associations is a critical first step that will enable more comprehensive evaluation of the ICF framework including understanding how personal and environmental factors affect impairment, activity limitation and participation restriction and the component relationships both cross-sectionally and longitudinally.
We address these knowledge gaps and evaluated the relationships of the ICF components both within and across time in people undergoing primary total hip (THR) or total knee replacement (TKR) for osteoarthritis (OA). Our objectives were: 1) to evaluate the relationships of the components of the ICF cross-sectionally; 2) to determine if the relationships of the components are variable over time; and, 3) to evaluate longitudinally, the relationships of the components of the ICF.
TJR for OA is a well established, effective procedure (Bellamy et al., 1988; Chang et al., 1996; Fortin et al., 1999; Fortin et al., 2002; W. H. Harris & Sledge, 1990; Judge et al., 2010; Laupacis et al., 1993) in which we could confidently predict changes in the ICF components over time. The pre-surgery evaluation provides a defined baseline which is often challenging in chronic diseases as a true onset of the disease can be difficult to define. Additionally, with low morbidity and mortality (Institute for Clinical Evaluative Sciences., 2000), we can confidently predict a rapid improvement that takes place over a feasible time-period for study (i.e. one year).
Based on clinical knowledge of people with TJR, in the weeks immediately following surgery, we expect the biggest change to occur in impairment of body structure and function (e.g. manifested by pain) with fewer changes in activity limitations and participation restrictions. Over time, impairment may plateau and greater change in activity and, eventually, participation might occur. As a consequence of the different rates of change in the components, the relationships among components are expected to change over time. Given this clinical scenario and the predictability of the effectiveness of the intervention, TJR patients provides an ideal group for study and positioned us to test the following hypotheses: 1) there would be associations among physical impairment, activity limitations and participation restrictions within time; 2) prior status of a component would be associated with future status; 3) prior status of one component would influence current status of a second component (e.g. prior activity limitations would be associated with current participation restrictions etc.); and, 4) the magnitude of the within time relationships of the components would vary over time.
Methods

Study design and setting
This prospective longitudinal study recruited participants 18 years and over from four tertiary care centers in Toronto, Canada who were undergoing primary TJR surgery and subsequent rehabilitation based on a standardized care pathway. Participants had sufficient English fluency to complete the questionnaires. Informed consent was obtained in accordance with the approval of the participating institutions' ethics review boards.
The 931 participants (437 with THR and 494 TKR) completed baseline questionnaires within two weeks prior to surgery and at 2 weeks, 1, 3, 6 and 12 months post-surgery. In addition to the standardized outcome measures representing physical impairments, activity limitations and participation restrictions described below, age, sex, education level, body mass index (BMI), hip or knee replacement, comorbidity, and mood were recorded pre surgery. Comorbidity was recorded based on a no/yes response to the listing of conditions (Sangha et al., 2003) . Mood was measured by the Hospital Anxiety and Depression Scale (HADS) (Zigmond & Snaith, 1983 ) and the fatigue subscale of the Profile of Mood State (POMS) (O'Connor, 2004) . The HADS has been widely used in community-based and outpatient populations (Herrmann, 1997) . The anxiety and depression subscales consist of 7 items scored 0-3 with a summed score ranging from 0-21 where higher scores indicate more anxiety and depression. The POMS is a frequently used measure of fatigue and has been used in studies of a range of chronic conditions (O'Connor, 2004) . Fatigue was evaluated by 5 items scored 0-'not at all' to 4-'extremely'; scores are summed. A single variable representing mood was constructed by converting each of the three scores to 0 to 10 and summing them to create a mood score (Cronbach's alpha 0.77) ranging from 0 to 30 where zero represented no problems in mood.
Standardized Measures representing ICF Components
Standardized outcome measures commonly used in TJR were chosen to represent the ICF components wherever possible. For some components, more than one measure was included to ensure we 'covered' relevant content and also to address some criticisms of the standardized measures. For example, the Western Ontario and McMaster Universities' Osteoarthritis Index (WOMAC) (Bellamy et al., 1988) pain items which are part of the Hip Disability (HOOS-pain) (Nilsdotter et al., 2003) and Knee Injury and Osteoarthritis Outcome Score (KOOS-pain) (Roos et al., 1998) reflect pain on activity. Hence, we also included the Chronic Pain Grade (Von Korff et al., 2000; Von Korff et al., 1992) as a measure of pain intensity. Similarly, the WOMAC function items do no cover the spectrum of difficulty (i.e. more difficult activities are not included) (Davis et al., 2003; Ryser et al., 1999) , hence, we included the higher demand HOOS/KOOS function in sport and recreation subscale, e.g. squatting etc. (Nilsdotter et al., 2003; Roos et al., 1998) .
.
Impairment of Body Structure or Function
Physical impairments as manifested by pain were measured using the HOOS-pain (Nilsdotter et al., 2003) and KOOS-pain (Roos et al., 1998) subscales for THR and TKR respectively and the Chronic Pain Grade (Von Korff et al., 2000; Von Korff et al., 1992) . HOOSand KOOS-pain subscales assess the extent of pain during activities such as 'walking on a flat surface' and 'going up and down stairs'. The HOOS-pain and KOOS-pain are 10-and 9-item scales respectively with response options ranging from 0-'none' to 4-'extreme' and scores are summed. The Chronic Pain Grade measures pain intensity based on the sum of the responses to three questions with scores ranging from 1-'no pain' to 10-'pain as bad as it could be' and the scores are summed.
Activity Limitations
Activity limitations were measured with the WOMAC Likert version 3.0 function subscale (Bellamy et al., 1988) and the HOOS/KOOS Function in sport and recreation subscale (Nilsdotter et al., 2003; Roos et al., 1998) . The WOMAC evaluates basic mobility and activities of daily living (walking on flat ground, rising from sitting, climbing stairs etc.) in 17 questions with response options ranging from 0-'not at all difficult' to 4-'extreme difficulty'; scores are summed. Using identical response options, the HOOS/KOOS subscales for THR and TKR respectively evaluate more demanding activities than those in the WOMAC in 4 and 5 items respectively. Scores are summed and converted to a 0-100 score.
Participation Restrictions
We used the Late Life Disability Instrument (LLDI) (A. M. Jette et al., 2002) in which respondents separately rate the extent and frequency with which they feel limited in their ability to personally perform 16 socially expected life tasks (e.g. participating in active recreation, visiting friends and family, volunteering etc.) on a 1-'completely' to 5-'not at all' scale to measure participation. Raw summed scores are converted to scaled interval level summary scores ranging from 0-100 where higher scores represent higher frequency and less limitations respectively (A.M. Jette et al., 2006) . Additionally, respondents completed the Calderdale Rheumatic Disablement Survey community mobility measure (Badley & Tennant, 1993 ) that assessed the extent to which a respondent's chronic condition limits their mobility or ability to travel within their community on a 4 items scored 1-'none' to 5-'can no longer do'; scores are summed. 
Analysis
Descriptive statistics and measures of association were conducted for all variables using the Statistical Analysis System version 9.0 software (SAS Institute Inc., 2005). Data were checked for outliers and for normality using the skewness and kurtosis values (Kline, 2005) and no data transformation was required.
Path analysis using Mplus 5.21 (Muthen & Muthen) was used to evaluate the relationships of the ICF components within and across time. Our a priori model (Figure 1) reflects our hypotheses where we expected: each of the ICF components to be associated within each time point (vertical pathways) such that there would be direct pathways from impairment to activity limitations, activity limitations to participation restrictions and from impairment to participation restrictions (hypothesis 1); direct pathways across time within each of the components, i.e. impairment to impairment across time, activity limitations to activity limitations across time and participation restrictions to participation restrictions across time (horizontal pathways) (hypothesis 2); and, direct relationships among components where prior status of one component would be associated with another component at a subsequent time e.g. impairment at time 0 would be associated with activity limitations at time 1 which would be associated with participation restrictions at time 2 etc. (diagonal pathways) (hypothesis 3). Additionally, Figure 1 shows indirect pathways from impairment to participation through activity limitation; e.g. from impairment at time 0 to participation restrictions at time 1 through activity limitations at time 1 etc. and from impairment at time 0 to participation restrictions at time 2 through activity limitations at time 1 etc.
We first developed our base model as described below to evaluate hypotheses 1, 2 and 3.
As suggested in the literature (Bollen & Long, 1993) , overall model fit was examined with several indices including chi-square test (although with large sample size the chi-square test is often significant), Root Mean Square Error of Approximation (RMSEA), Comparative fit Index (CFI), Tucker-Lewis Index (TLI) and Standardized Root Mean Square Residual (SRMR). Good fit was supported by: RMSEA ≤0.05 with a 90% upper confidence limit <0.08 and nonsignificant p-value; SRMR≤0.08; and, CFI and TLI ≥0.95 (Browne & Cuceck, 1993; Hu & Bentler, 1998) . As described in the results, the hypothesized model did not display good fit.
However, after modification based on plausible relationships (Bachmeier et al., 2001; MacCallum et al., 1992) and adjustment for covariates (age, sex, hip versus knee replacement, BMI, low back pain and mood) that have demonstrated relationships to the outcomes used to represent impairment, activity limitations and participation restrictions (Bachmeier et al., 2001; Bourne et al., 2007; Jones et al., 2007; Jones et al., 2000; Krushell & Fingeroth, 2007; Naylor et al., 2008) , we achieved good fit. This model then became our base model against which we tested nested models using the chi-square difference test. Specifically, against this base model, we tested paths with equality constraints where the component relationships within time were constrained to be equal at all time points (i.e. impairment to activity limitations at time zero were constrained to be equal to impairment to activity limitations at time one etc.) (hypothesis 4).
Where a significant difference was detected, this was interpreted as a variable or time-dependent relationship over time, and equality constraints were not retained. However, where no statistically significant differences were found between nested models, the respective relationships were interpreted to represent lack of variability in the respective relationships over time and the equality constraints were retained in the model. Finally, we tested models where paths from previous impairment to current activity limitations were constrained to be equal (i.e. the coefficients for impairment at time 0 to activity limitations at time 1 would be equal to impairment at time 1 to activity limitations at time 2 etc.) and where paths from previous activity limitations to current participation restrictions were constrained to be equal (i.e. the coefficients from activity limitations at time 0 to participation restrictions at time 1 would be equal to activity limitations at time 1 to participation restrictions at time 2 etc.).
The final model that is described later was estimated using Maximum Likelihood with a mean adjusted chi-square test statistic to take account of any small deviations from normality (Finney & DiStefano, 2006) . The direct maximum likelihood (DML) estimation method (Enders, 2010 ) was used to handle missing data, assuming data were 'missing at random'. Parameter estimates generated using DML are consistent and efficient (Allison, 2003) . Overall, 85% of participants had complete data for the outcome measures at all time points.
Results
The mean age of the sample (n=931) was 63 years (range 31-88) and 60% were female.
Forty-six percent had more than high school education and 34% of the sample continued to work either part-time or full-time. Forty percent were obese (i.e. BMI >30). Hypertension (44%), low back pain (22%), diabetes (12%) and respiratory disease (9%) were common.
As anticipated, the sample had severe physical impairments, activity limitations and participation restrictions prior to surgery (Table 1) In attempting to achieve a parsimonious final model, we compared sequential models where we constrained the paths from prior physical impairments to current activity limitations and then prior activity limitations to current participation restrictions to be equal to the base model. The chi-square difference test was not statistically significant for either of these nested models (prior physical impairments to current activity limitations: Δx 2 (df)=3.6(4), p=0.4628; and, prior activity limitations to current participation restrictions: Δx 2 (df)=5(4), p=0.2873) and these constraints were contained in our final model. As shown by the unstandardized coefficients in table 2, the constrained coefficient for prior impairment to current activity limitations was -0.212 and -0.297 for prior activity limitation to current participation restriction. There were significant pathways from prior impairment to current activity limitations and from prior activity limitations to current participation restrictions (hypothesis 3). In each case, the coefficients on the paths were negative. These negative coefficients on the diagonals as shown in Figure 2 represent the effect of the change that occurs over time in one component on the status of another component such that the larger the improvement in, for example, physical impairments between times 1 and 2 the less activity limitations at time 2 and so forth.
We also note that in addition to the pathways we hypothesized, in order to achieve a good fitting base model against which to test nested models for our a priori hypotheses, in addition to adjustment for covariates, additional paths that were not hypothesized were identified.
Specifically, in the longer term, prior activity limitations (at 3 months) influenced future activity limitations (at 12 months); and, participation restrictions prior to surgery influenced participation restrictions at all subsequent time points. Our work has clinical implications for use and interpretation of patient outcomes given the variability in the component relationships over time. Specifically, cross-sectional studies need to include samples that are at a similar point of recovery and longitudinal evaluation needs to consider the change in related outcomes. We found that prior status within a component affected later status such that less impairment was associated with less impairment at subsequent times and so forth for activity limitations and participation restrictions. There were lagged relationships as well, as activity limitations at 3 months were associated with activity limitations at 12 months and participations restrictions prior to surgery were associated with participation restrictions at all subsequent follow-ups. Importantly, change in one component was associated with current status of another component, i.e. greater change in physical impairments was associated with less activity limitations and greater change in activity limitations was associated with less participation restrictions. In the application of the ICF framework in clinical contexts and interventions, these findings suggest that it is critical to consider the time of evaluation of the component as well as the simultaneous effect of one component (or change in one component) on other components. The implications of these findings for outcome measurement are significant for looking at change in outcome. Change needs to be interpreted in the context of more proximal time points of the ICF components. Additionally, studies evaluating change in ICF components in isolation need to be interpreted with caution if inferences are made about the consequences of this change for other components. Similar to our work, others have found that impairments were associated with activity limitations and participation restrictions and activity limitations were associated with participation restrictions within time (Dagfinrud et al., 2005; Dekker et al., 2010; Rusch et al., 2004; Slim et al., 2010) . None of these authors conducted their work in individuals with people with osteoarthritis, or more specifically TJR. Other TJR studies largely have focused on pain and more basic function/mobility as individual outcomes demonstrating that TJR is a wellestablished, effective intervention for people with moderate to severe hip or knee osteoarthritis resulting in large and significant improvements in pain and functional limitations (Chang et al., 1996; Fortin et al., 1999; W. H. Harris & Sledge, 1990; Judge et al., 2010; Laupacis et al., 1993) . This is despite literature that indicates that return to higher demand activities and participation in social roles, leisure pursuits and community interactions are important to people undergoing TJR Rastogi et al., 2007) . Few studies have evaluated recovery at multiple time points or they have used a limited range of outcomes or measures that combine physical function and social and leisure activities as one construct (Bachmeier et al., 2001; Kennedy et al., 2008; Zimmerman et al., 2002) . Only the study by Pollard et al. simultaneously evaluated the relationship of the ICF components in people prior to TJR (Pollard et al., 2010) . These authors found significant relationships between impairment and activity limitations and between activity limitation and participation restrictions using the Aberdeen suite of measures. The relationship between impairment and participation restrictions was not significant. This latter finding is in contrast to our work that found a significant relationship between physical impairment and participation restrictions pre-surgery and also at all follow-up times with the exception of the two week post surgical follow-up. The difference in these findings is unknown, but it may stem from the different measures used in the two studies.
Discussion
A critical finding from our work was that when people were recovering, the magnitude of the cross-sectional relationships varied over time. Although the purpose of the work by Harris et al was to evaluate if the ICF components predicted health, their work also demonstrated that the correlations between components varied from 0.46 to 0.79 during recovery from distal radius fracture (J. E. Harris et al., 2005) . There also was variability in the magnitude of the correlations of impairment to participation restriction and activity limitation to participation restriction but the pattern was variable in that the correlations increased from time 1 to time 2 and then decreased to time three. These findings are similar to our work conducted with path analysis where the magnitude of the path coefficients did not suggest a linear relationship at sequential time points. Understanding this pattern of relationships was beyond the scope of the current work but we speculate that as people recover personal and environmental factors may be influential and that these may differentially affect the relationships over time.
This work has focused on the relationships of the ICF but the interpretation of the findings also needs to be supported by clinical context. Our findings are plausible as they overall are in keeping with the expected clinical recovery of people with TJR. As expected, physical impairments improved sooner than activity limitations, although both improved early in the post operative period, whereas participation restrictions only started to show improvement at 3 months post surgery. Additionally, while our a priori hypothesized model identified most of the relationships, we also needed to adjust our analyses for covariates that have been shown in other work to influence outcome in people with joint replacement to achieve a well-fitting model.
These covariates included age, sex, hip versus knee replacement, BMI, low back pain and mood (Bachmeier et al., 2001; Bourne et al., 2007; Jones et al., 2007; Jones et al., 2000; Krushell & Fingeroth, 2007; Naylor et al., 2008) . So, while not in our initial model, adjustment by these covariates is also plausible.
We used a single framework, the ICF, to guide our choice of outcome measures. There are a number of other disability frameworks (Masala & Petretto, 2008) and we cannot be sure that they would similarly demonstrate these variable relationships among (between) concepts over time. However, there is similarity in many of the concepts of these disability models such that we expect that there would be similarity in the relationships (Badley, 2008) .
In choosing our measures to represent the ICF components, we selected those that are commonly reported for TJR . We deliberately chose measures that represented activity limitations and participation restrictions as separate entities. Although not the intent of this work, our results support the opinion (Badley, 2008; A. M. Jette et al., 2003; Nordenfelt, 2003; Schuntermann, 2005; Simeonsson et al., 2003) and work of others (A. M. Jette et al., 2007; Pollard et al., 2010) suggesting that there is a distinction between activity and participation. It must, however, also be recognized that there continues to be debate on the definition of participation and how it should be measured (Dijkers, 2010) . Our work has used but one measure with one approach to conceptualization and measurement.
We constructed measured variables to represent the ICF components using standardized measures based on those commonly used for clinical purposes as we wanted to ensure this theoretically-based work was grounded in the real clinical world. As a result, we did not have a sufficient number of variables to construct latent variables for all ICF components. Hence, we evaluated the internal consistency of the measured variables representing the ICF constructs to support our decision to combine these observed variables. For all but activity limitations, the The results of this work are from a sample that is improving a great deal and rapidly.
Further study is required to determine if variability in the relationships of the ICF components occurs in the face of deterioration, smaller changes, or slower courses of recovery. Additionally, we have not considered the impact of personal and environmental contextual factors on the ICF components. We adjusted for a limited number of personal factors but we would see our work as a first step in understanding the complexity of the relationships of the ICF components.
The findings of this study provide additional and significant information about the longitudinal relationships of the components of the ICF framework, particularly in its application in the context of intervention and recovery. Evaluating the effect of contextual factors is important future work. Note: For component scores, zero represents no impairment, no activity limitation and no participation restrictions. Each component score was derived by standardized measure scores converted to 0 to 10 and then summing the measure scores. The measures were the KOOS/HOOS-pain subscale and Chronic Pain Grade for Physical Impairment; WOMAC function subscale and HOOS/KOOS function in Sports and Recreation subscale; and, the Late Life Disability Index frequency and limitations subscales and the community mobility measure adapted from the Calderdale Rheumatic Disablement Survey. All times are post surgery except where specified as pre-surgery. Model adjusted for age, sex, knee versus hip replacement, body mass index, low back pain and mood. All coefficients were statistically significant p<0.05. The results show the unstandardized total, direct and indirect pathway coefficients when the pathways between components at sequential times (i.e. physical impairment pre-surgery to activity limitations at 2 weeks post surgery etc and activity limitations pre-surgery to participation restrictions at 2 weeks post surgery) were constrained to be equal. This model was parsimonious in that it was not statistically significantly different from the base model. 
